model. Precipitation, temperature, and potential evapotranspiration were predicted to increase in each of two 30-yr climate scenarios. Groundwater recharge and resulting subsurface storage and discharge were predicted to increase in sandy soils, while only small changes were predicted in clayey sediment and soils. Climate change effects on groundwater recharge and discharge to streams were found to vary seasonally.
Potential effects of climate change on water availability were also predicted to vary seasonally in Kenya, where water shortages were projected to increase by the year 2100 if there are no infrastructure changes (Aerts et al., 2007) . The authors explored the function and robustness of "sand dams" built to make artifi cial shallow aquifers in stream beds to reduce the evaporation of stored waters. If the number of sand dams will be tripled in the future from about 500 to 1500, subsurface water availability could increase under climate change, again with a strong seasonal effect. Aerts et al. (2007) highlight the importance of climate change effects on the temporal variability of water resources in this region of Africa. White et al. (2007) relate the groundwater hydrology of an atoll in the Republic of Kiribati (formerly the Gilbert Islands) to droughts associated with ENSO climate variability. Shallow groundwater responds rapidly to rainfall events, pumping, and ocean tides due to high hydraulic conductivities of the coral sands, such that water quality is vulnerable to climatic events and human activities. Social aspects of adaptation to climate change include appropriate communication with the island community to improve knowledge and long-term planning.
Groundwater quality may also be related to long-term changes in atmospheric temperatures that propagate into the subsurface. A regional study in Asia by Taniguchi et al. (2007) demonstrates the concepts and use of borehole temperature logs to assess combined changes in regional temperatures and "heat islands" caused by urbanization. The study region included urban areas of Tokyo, Osaka, Seoul, and Bangkok, each with different histories of urbanization and associated surface warming. Temperature deviations from estimates of the local mean geothermal gradients were used to infer the timings of surface warming, and such temperature perturbations were found to propagate from 50 to 140 m deep.
Finally, Green et al. (2007) developed and demonstrate a method for simulating climate change effects on vegetation and soil-water regimes affecting groundwater recharge at two sites in Australia with Mediterranean and subtropical climates. Historical climates at each site and dynamic equilibrium climates simulated with a general circulation model assuming a doubling of atmospheric CO 2 concentration were used to generate sequences of cross-correlated daily weather variables for each climate scenario. The authors found that vegetation and soil characteristics jointly controlled the nonlinear changes in recharge at each location. This study and the other studies in this special section indicate the ongoing need to improve our understanding and ability to predict terrestrial and subsurface responses to climate change and variability affecting groundwater systems.
The range of geographic locations, topics, and methods explored across the seven studies reported in this section is quite broad. Yet, it is not diffi cult to identify gaps in the present coverage of problem areas, scientifi c methods, and generalization of results from both empirical and theoretical investigations. The scientifi c community has yet to focus its combined expertise and effort on integrative and complementary research needed to provide the basis for confi dent assessments of the coupled effects of human activities and global climate change on subsurface water fl uxes, storage, and biochemical quality issues. Organizations and collaborative efforts such as GRAPHIC can help move scientists toward proactive investigations of likely responses of groundwater systems to the impending pressures of humanity and climate change.
